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@ Passive alignment of components with micromachined tool. 



@ A method of fabricating a . device using a 
micromachined tool (5) that has openings (7) 
which receive and align components (3) with 
respect to each other and a substrate (1). The 
tool (5) has fiducial marks (9) which align to 
fiducial marks (9) on the substrate (1) thereby 
produdng precise alignment of the tool (5) and 
the substrate (1). The components (3) are inser- 
ted into the openings (7) thereby insuring their 
alignment with respect to the substrate (1). 



FIG. 1 



^1 



■6 Ac^f^ 



I 



< 



OL 
Ul 



Jouvs, 18. rue Sain^nis, 75001 PARIS 




EPO 



Technical Field 

This invention relates to methods for fabricating 
a device which include the use of a micromachined 
tool to obtain passive alignment of components of the 
device with respect to each other on a substrate. 

Background of the Invention 

Many technological fields require the attachment 
of one or more components to a substrate with a pre- 
cise alignment with respect to each other and the sub- 
strate. Electrical or optical signals or power may be 
transferred from, for example, the substrate to the 
component or between components. The compo- 
nents may be either electrical or optical devices and 
may be either active or passive devices. For example, 
integrated circuit chips must be aligned with respect 
to circuit boards so that they may be soldered or 
otherwise connected to an electrically conducting 
pattern on the circuit board. As another example, opt- 
ical fibers or lenses must be aligned with respect to 
each other or with respect to a I ight source so that light 
may be transmitted through the fibers or lenses. The 
devices may then be soldered or otherwise aligned 
and attached to the substrate. In some instances, 
both optical and electrical signals or power will be 
transferred between devices and substrate. 

As might be expected, a variety of techniques has 
been developed to position the two or more compo- 
nents with respect to each other and the substrate. 
Perhaps the conceptually simplest technique may be 
termed pick and place. One component is picked up 
and then placed on the substrate in the proper posi- 
tion with the desired alignment with respect to other 
components. After components are placed on the 
substrate, they are permanently attached to, for ex- 
ample, solder bumps on the substrate. Photolitho- 
graphic techniques are frequently used to define the 
solder bumps. These techniques are capable of great 
precision. The simplest pick and place technique is 
done manually; more sophisticated techniques use 
machines and are highly automated. The pick and 
place technique is limited to relatively coarse, that Is, 
imprecise, alignments, of components. Thus, pick 
and place techniques do not have the accuracy that 
lithographic techniques can achieve. 

Self-aligned techniques have been developed in 
attempts to overcome the problems described above 
with respect to the accuracy attainable with pick and 
place techniques and obtain component alignment 
more precise than that attainable with pick and place 
techniques. There is also th expectation that, for a 
gh^en alignment accuracy, self-aligned techniques 
will be less expensive than are pick and place techni- 
ques. See, for example, United States patents 
4,558,812 and 5,178,723 issued on December 17, 
1 985 and January 1 3, 1 993, respectively, to Bailey et, 
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al., (Bailey) and Nguyen, respectively, for descrip- 
tions of several self-alignment techniques. Bailey 
teaches methods for batch solder bumping of chip 
carriers. According to one embodiment described by 

5 Bailey, chip carriers are individually placed in aper- 
tures in a holder as they are released from a dispens- 
ing means. Solder bumps are located in dimples on a 
plate and form arrays corresponding to bond pad ar- 
rays. The holder is moved so that the carriers contact 

10 and are then attached to the solder bumps. In one em- 
bodiment, Nguyen teaches forming optical devices in 
which optical components or elements are placed in 
indentations in one piece and maintained there by 
means of vacuum channels which communicate with 

15 the indentations. A substrate with indentations for re- 
ceiving the optical elements is brought into contact 
with the elements and the elements are then bonded 
to the substrate. 

Although the methods described are perfectly 

20 adequate for many applications, a method that direct- 
ly aligns the components to each other and the sub- 
strate would be desirable. Such a method would re- 
sult in improved accuracy over typical pick and place 
methods. The method should position the compo- 

25 nents for solder bump attachment with accuracy at- 
tained by the photolithographic process used to de- 
fine the solder t>ump rather than by the pick and place 
process. 

30 Summary of the Invention 

According to an exemplary embodiment of this In- 
vention, a device having at least one component at- 
tached to a substrate is manufactured with the conv 

35 ponents or component on the substrate aligned both 
with respect to each other and the substrate. The 
alignment is achieved by use of a tool with fiducial 
marks that mate with matching fiducial marks on the 
substrate and openings that expose portions of the 

40 surface of the substrate. The fiducial marks align the 
tool with respect to the substrate. The openings are 
adapted to receive the individual components and 
align them with respect to the substrate. A component 
is inserted into a opening and is aligned with respect 

45 to the substrate when it contacts the substrate sur- 
face. The substrate may have an array of, for exanrv 
ple, solder bumps for attachment of the component. 
The component may be inserted into the opening by 
a pick and place technique. The components are at- 

50 tached to the substrate by, for example, solder, and 
the tool is removed. In one prefenred embodiment the 
tool is a micromachined piece of silicon. In another 
prefen-ed embodiment, the openings are etched and 
have slanted walls. Several types of components, In- 

55 eluding lenses and integrated circuits, may be aligned 
and attached to the substrate. 
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Brief Description f the Drawing 



FIG, 1 is a sectional view of the tool, components, 
and substrate; and 

FIG. 2 is a top view depicting the same elements. 
For reasons of clarity, the elements depicted are 
not shown to scale. 

Detailed Description 

The invention will be described by reference to an 
exemplary embodiment which aligns several compo- 
nents with respect to a substrate and then attaches 
the components to the substrate, FIG. 1 is a sectional 
view depicting the substrate 1, a plurality of compo- 
nents 3, and a tool 5. As can be seen, tool 5 has a plur- 
ality of openings 7 which expose selected portion of 
the substrate 1. The components 3 ultimately contact 
the substrate surface or features on the substrate 
surface although they are depicted in the process of 
being inserted into the openings by, for example, pick 
and place apparatus which is well known and not de- 
picted. Both the tool 5 and the substrate 1 have mat- 
ing fiducial marks 9 that facilitate alignment of the two 
components with respect to each other. The fiducial 
marks 9 are recesses, typically pyramidal shaped, 
into which objects 11 are placed. The objects 11 de- 
picted are spheres and are typically attached to either 
the tool 5 or the substrate 1. There are fiducial marks 
on the tool and the substrate and they mate with each 
other. There are two openings 7 depicted in the tool; 
one exposes a pyramid 13 in the substrate and the 
second exposes a plurality of bond pads 15 on the 
substrate surface. The two openings receive differ- 
ent components 3; the first receives a sphere and the 
second a die. The sphere functions as a lens and the 
die contains, for example, an integrated circuit or a 
plurality of opto-electronic devices. 

A top view of the elements depicted is shown is 
FIG. 2. The substrate surface also has electrically 
conducting patterns 23 as shown. These patterns are 
used to provide paths for the electrical input and out- 
put signals as well as electrical power to the die hav- 
ing an integrated circuit or other types of circuits; of 
course, the substrate will typically have more electri- 
cally conducting patterns than are shown. 

The structures depicted will be readily fabricated 
by those skilled in the art The fiducial marks, includ- 
ing the pyramids in the substrate, can be fabricated 
using conventional techniques. For example, the sub- 
strate surface may be coated with a photoresist and 
selected portions exposed to radiation. The resist is 
then developed and selected portions of the surface 
are exposed. A wet etch is then used to form, for ex- 
ample, the pyramids. Exemplary wet etches include 
KOH (potassium hydroxide) and EDP (ethylene dia- 
mine pyro-catechol). Conventional techniques can be 
used to form the solder bumps and electrically con- 
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ducting patterns on the substrate surface. Of course, 
both pyramids and solder bumps can be formed on 
the surface although two patterning steps may be re- 
quired. 

5 The micromachined too! can be formed by means 

of conventional lithographic patterning and etching 
techniques. Two patterning steps will likely be re- 
quired; one for the fiducial marks and the other for the 
openings. That is, one step for each side. An oxide 

10 may be deposited prior to patterning. The oxide on 
the surface opposite the opening acts to stop the etch 
when it is reached. Afterone side is etched, oxide may 
be deposited on the same silicon surfaces before the 
second side is patterned. Appropriate dimensions for 

15 the openings will be readily selected considering the 
sizes components to be attached. The same com- 
ment is also applicable to the fiducial marks. At least 
three fiducial marks are desirable. Overetching of fi- 
ducial marks may not be critical; the center-to-center 

20 spacing of the fiducial marks does not change. Wet 
etching is expediently used to form the openings be- 
cause many wet etches, such as those previously 
mentioned, form openings with slanted walls. The 
walls are slanted so that the openings are larger fur- 

25 ther from the substrate than they are near the sub- 
strate. 

Fabrication of the components, for example, 
lenses, opto-electronic devices, integrated circuit. Is 
also well known and need not be described. It is con- 

30 templated that some artisans practicing this invention 
may purchase the components for fabrication of the 
final device rather than manufacturing the compo- 
nents. Obviously, selection of components will de- 
pend upon the final device fabricated, 

35 Materials for both the tool and the substrate will 

be readily selected by those skilled in the art. The toot 
and the substrate can be expediently fabricated from 
silicon. This material is desirably used because it is 
readily patterned and etched to form both fiducial 

40 marks and openings. An exemplary orientation for the 
silicon is <100>. Other orientations may be used con- 
sidering the shapes of the openings that will be 
formed and the etch used. The tool may be oxide coat- 
ed or aluminum coated if desired. A coating is desir- 

45 able in many embodiments because it will facilitate 
removal of the tool after attachment or bonding of the 
devices to the substrate has been completed. As pre- 
viously discussed, the coating may also facilitate con- 
trol of the etching of openings and fiducial marks. The 

so coating should be formed from a material that is, for 
example, not wetted by solder if solder is used to at- 
tach the components to the substrate. The spheres 
may be fabricated from any convenient material. It Is 
desirable that the spheres be attached to the tool so 

55 that they may be conveniently reused. The pieces 
that is, devices that are attached to the substrate may 
b any optical, opto-electronic or electronic device 
whether discrete or integrated or passive or optical. 
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Of course, both optical and electronic pieces may be 
attached. 

The tool need not be the originally formed tool. 
The originally formed tool may be duplicated using 
well known molding techniques. The duplicate tool 5 
may be formed from inexpensive materials such as 
plastics. Although a plastic copy will not have as much 
dimensional accuracy as did the original silicon tool, 
the dimensional errors are likely to be less than sev- 
eral tens of microns. This accuracy is sufficient for io 
positioning many types of devices on the substrate. 

The formation of the device with the self-aligned 
component is readily understood. The tool is posi- 
tioned with respect to the substrate using a pick and 
place technique. The fiducial marks described, name- is 
ly, the pyramids and the sphere in one pyramid, are 
self-aligned providing that the initial pick and place 
alignment is approximately accurate. That is, the 
spheres will contact the bottoms of the pyramids in 
the substrate and the tool. The devices are then in- 20 
serted into the openings, and because of the slanted 
walls, fail to and contact the substrate surface. Due 
to both the shape and size of the openings at the sub- 
strate surface, the devices are self-aligned with re- 
spect to the substrate surface and any features, for 25 
example, solder bumps or electrically conducting pat- 
terns, on the substrate surface. A pick and place tech- 
niques may be used to insert the components into the 
openings. The pick and place technique may be rela- 
tively inaccurate. The self-alignment process insures 30 
that the accuracy of the alignment achieved will likely 
be greater than that obtained with the pick and place 
technique alone as it is determined by the accuracy 
of the tool patterning. Accordingly, there is improved 
accuracy of alignment of the components with re- 35 
spect to, for example, the solder bumps or other conrv 
ponents or patterns on the substrate. The accuracy 
achieved lithographically with respect to solder bump 
formation is thus retained. 

After alignment has been completed, the compo- 40 
nents are attached to the substrate. This may be 
through, for example, soldering, with the tool remain- 
ing in place during the attachment process. After the 
attachment is completed, the tool is removed and may 
be reused. Alternatively, the tool may be removed and 45 
other attachment processes, such as thermo-conv 
pression bonding, used. 

Variations in the embodiment described will be 
readily thought of by those skilled in the art. In partic- 
ular, other fiducial marks may be used. For example, so 
a trench may be etched in the substrate and a mating 
wall formed on the tool. Dry etching techniques may 
be used to form these fiducial marks. Although the 
components have been described as solid, they may 
also be highly viscous. ss 



Claims 

1- A method of manufacturing a device having at 
least a first component attached to a substrate 
(1) comprising the steps of: 

aligning a tool (5) with respect to said sub- 
strate (1), said too! (5) and said substrate (1) hav- 
ing mating fiducial marks (9) for alignment, said 
tool (5) having at least one opening (7) which ex- 
poses at least a portion of said substrate; 

inserting said at least first component (3) 
into said at least one opening (7), said first conn- 
ponent (3) contacting said substrate (1) and be- 
ing aligned with respect to said substrate (1); 

attaching said first component (3) to said 
substrate (1); and 

removing said tool (5). 

2. A method as recited in claim 1 in which said at- 
taching step comprises heating. 

3. A method as recited in claim 2 in which said heat- 
ing attaches said component (3) to said substrate 

(I) with solder. 

4. A method as recited in claim 1 in which said fidu- 
cial marks (9) comprise pyramids and a sphere 

(II) adapted to fit into said pyramids. 

5. A method as recited in claim 1 in which said tool 
(5) comprises silicon. 

6. A method as recited in claim 5 in which said tool 
(5) further comprises a coating. 

7. A method as recited In claim 6 in which said coat- 
ing is selected from the group consisting of alu- 
minum and oxides. 

8. A method as recited in claim 1 in which said re- 
moving occurs subsequent to said attaching. 

9. A method as recited in claim 1 In which said re- 
moving occurs prior to said attachment 

10. A method as recited in claim 1 in which said sub- 
strate (1) comprises silicon. 
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